Abstract: in this paper we use pseudo potentials and plane wave basis to compute the total energy, charge density and electronic structure electromagnetic field equations. Numerical simulation method is an available method to analyze complex flow field.
Introduction
Hartree-Fock theory can be viewed as the real starting point of quantum chemistry. The core physical essence of Hartree-Fock, is the single electron approximation. On base of this approximation, the chemists produce the very common and fundamental chemical picture so widely used in chemistry: the molecular orbital's and the electrons reside on them. The electromagnetic field equation equations that models the behavior of a quantum molecular system deals with state function ( )  where K is the number of particles. The system is too large to be directly tractable by numerical simulation.The quantum chemists have thus introduced a series of simplified models. Combes et al. [1, 2] presented to separate the electron and the nuclei so as to consider a system in which only the N electrons of the molecule move and the nuclei are fixed in j x .For each configuration ( )
, m x x  of the m nuclei a complex electronic wave function ( )
i N =  is sought after that minimizes the energy of the system. Another method is therefore introduced by considering that state function is a N dimensional determinant of simple function of
, where Φ i , 1, , i N =  are now functions of one variable in chosen orthogonal respect to the canonical scalar product ,
Let us denote by M the subset of ( ) }   3   2  3  1  , , , ,
N being the number of valence electron pairs in the simulation cell, and we define the HartreeFock energy as(see e.g. The main difficulties for numerical approximations of the ground state solutions of electromagnetic field equation include:on the one hand, the associate energy functional is not convex with respect to ρ . The existence of a minimizer of (1) is known for the models under appropriate physically relevant conditions (see [4, 5, 6] ). In contrast, nothing is known about the uniqueness of a solution of density ρ or equivalently 0 φ ≥ , which will bring serious difficulty for numerical analysis.
In most cases, we need to apply some sophisticated arguments to deal with the nonconvex effects when we carry out the numerical analysis. On the other hand, due to the existing of the nonlinear terms, there are several difficulties in obtaining convergence and a priori error estimate of the numerical approximate solutions. In particular, the nonlocal convolution integration part will induce many troubles for numerical analysis. At last, efficient numerical algorithms for solving nonlinear eigenvalue problems are lacked. Special numerical strategies for solving the corresponding nonlinear eigenvalue problem of (1) should be carefully chosen or designed. In most applications, a number of eigenpairs are desired and the worst thing is that the self-consistent iteration is not so easy to converge and it often takes several tens of steps.
The Hartree-Fock equations have gained a surge of attention in both analytical and numerical aspects. For neutral atoms and molecules and positive ions and radicals, Lieb, Simon [4] , and Lions [5] have proved the existence of solutions of the Hartree-Fock equations which minimize the HartreeFock energy. In [3] , Maday &Turinici presented a posteriori error analysis for the approximation of the Hartree-Fock equations. Flad et al. [7] presented the asymptotic regularity of solutions of HartreeFock equations for Coulomb systems. In order to deal with singular Coulomb potentials, Fock operators are discussed within the calculus of pseudo-differential operators on conical manifolds. Within the local density approximation, Cances et.al [8] have provide some priori error estimates for the spectral and pseudo spectral discretizations for some convex energy functional model. Some other work has been focused on using numerical methods to simulate the behavior of the solutions of Hartree-Fock equations. In [9] , Cances & Le Bris have presented a two algorithms, namely the Roothaan and the level-shifting algorithms to solve the Hartree-Fock equations. Flad et al. [10] discussed the efficient rank structured tensor approximation method for electronic structure calculations. Because of the absence of many-electron cusps in these models, they restrict themselves to the electron-nuclear cusp, where a single electron approaches a nucleus. In [11] , a trust region technique is introduced as a way to restrict the update of the wave functions within a small neighborhood of an approximate solution at which the gradient of the total energy of Kohn-Sham equation.
In this paper we use pseudo potentials and plane wave basis to compute the total energy, charge density and electronic structure electromagnetic field equations. Numerical simulation method is an available method to analyze complex flow field.
The remainder of this paper is arranged as follows: In the coming section we briefly introduce the functional setting used on the formulation. In Section 3 we introduce Fourier approximation of the electromagnetic field equation. Finally, we report several numerical applications of electronic structure calculations based on spectral descretization.
Preliminaries
In this context, the simulation domain referred to as the supercell, is the unit cell of some periodic lattice of 3  . In the Hartree-Fock equations, periodic boundary conditions are imposed to the density. We denote by Γ the simulation cell, by R the :
s ∈  (where * a denotes the complex conjugate of the complex number a), endowed with the inner products ( ) ( )
For all s ∈  , and each
For all real numbers r and s with r s ≤ , we know the following estimates hold [21]:
Fourier approximation of the Hartree-Fock model
Let us study the following minimization problem
where ( it has been proven in [5] that a minimum of the problem (3) exists. We will assume in all that follows that ( 
Results
In order to evaluate the quality of the error bounds, we have performed numerical tests using the KSSOLV, whose main program allows one to find the total energy, charge density and electronic structure of systems (molecules and periodic solids) within Hartree-Fock equations, using pseudo potentials and a plane wave basis
The SCF errors reported in this paper are the residual norms de_ned as , || ( ) || F error H X X X = − Λ where X contains the wave functions returned from SCF and ( ) . X H X X Λ = * Table 1 . Comparing the timing (in seconds) and accuracy of runing SCF.
The numerical results for CO2 are plotted in Figures 1, 2 . The numerical results for Si2H4 are plotted in Figures 3, 4. In Figure5, 6 , we show the issuer face rendering of the charge density rho returned from the SCF function.
